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SCENARIO COMPARISON REPORT FOR SPAIN 
TABLE 21: DIESEL FOR RORO TRANSPORT (PJ/YR) 
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SCENARIO COMPARISON REPORT FOR SPAIN 
TABLE 22: METHANOL FOR ROMO TRANSPORT (PJ/YRI 
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Impacts of New Technologies 





SCENARIO 


5.4.1 Coal Liquefaction 





SOF 


T 
his group of technologies comprises the following: 


PS-1/OIL C 

SP -1/($1.0/GJ) 
ՏՔ-1 

PS-4 

SP-4/1 ($1 

SP -4/LIM FOS 


E 
| 

a 

Qu 





Hard coal liquefaction hydrogenation 


CODE: 
216 
16 
216 
79 
289 
0 
153 


216 
2 


Hard coal liquefaction Fischer-Tropsch 


MARKAI. 


Hard coal to methanol 





79 





158 
187 
187 
187 
253 





1015 


The group is Competitive in all th 


and SP-4/LIM Fos 
sume higher imported 


respectively, 


2010 
100 
139 
139 
139 
200 


to the model), it is possible 






2005 
42 
82 
82 
82 

137 


This price schedule is used in 





all scenarios (except PS-1/COAL C 





2000 
40 
40 
40 
79 





HARD COAL LIQUEFACTION - HYDROGENATION (PJ/YR) 


11 
11 
11 
37 






1995 


ve in Table 7 that the technology 
and does not do so in the PS-4 







SOF appears in the PS-1 Scenario 
Scenario. 


TECHNOLOGY : 
1990 
11 


now with higner implementation lev 
The graph on page 97 


of those three technologies. 


shows the 


1985 








SCENARIO COMPARISON REPORT FOR SPAIN 


1980 




















PS-1/COAL C 





0 


1 









SCENARIO 
SP-1/($1.0/GJ) 
SP-4/($1.0/GJ) 


SP -1 
PS-1/LIM NUC 


PS-1/OIL C 
SP-4/LIM FOS 
PS-1/COAL C 


SOG 
PS-1 
PS -4 
I.P -4 





PS-1/LIM NUC 











0 
0 
0 
0 


216 
(PJ/YR) 
2020 
139 
139 
204 


MARKAL CODE: 
- TROPSCH 


187 





FISCHER 


129 


71 
2005 
53 
53 
105 


29 
26 
26 
59 


COAL LIQUEFACTION. 
2000 





TABLE 7 
TABLE 8 


HARD 


22 






1995 


TECHNOLOGY : 
1956 


SCENARIO COMPARISON REPORT FOR SPAIN 


(£9/0° 1$) /1-dS LOT CA 091 111 "S pi - - - 
9 ՂԼՕ/1-54 91 SLT 661 ITT ps pi - - - 
1-3 OPT 581 601 TIT "S pI - - - 

OINVN3OS 0202 5101 0102 6002 0007 5661 0661 5861 0861 


(Վ/ԸՐ1) NOILVOIJISVO WWSLS ԱՎՎՂՉՈՒ TYWOD QHVH : 1111 


8095  Á:3dOO "TUMUWH NIVdS YOA ՆԱՕՃՅՎ NOSINVdWOO OIHNVNSOS 


OT FIUL 


INN HIT/1-Sd 

9 TWOO/I-Sd 

b- Mi 

Sod WIT/P-dS 
(19/0* 1$) /b-ds 
b-Sd 

Ë I-dS 
( ԸՋ/0" 1$) /T-as 

9 TIO/1-Sd 


1-53 


OIYNVNIOS 


(Ye /ca) NOILWIIAISWIOUGAH 1312011 'IVOO QHVH : 510111123 


VOS 3000 "TWANVH NIWdS YOT 3,2103131 NOSIHVdWOO +5 


In fact, 


these technologies are the most competitive among those producing 
12 and 13 show the 


But the remaining three tech- 
11, 
activity of these technologies and the dates on which they become 


and in general the same process 
nologies (SOA, SOB and S1A), which are combined with high temper- 


aydrogasification 
This applies also to the PS-1/COAL C 


The Lurgi hard coal gasification process (SOl) 
Tables 10, 


Hard coal nuclear hydro-steam gasification 
Brown coal Lurgi high BTU gasification 


G 
0 
“A 
4) 
O 
Kal 
ԿՎ 
ord 
տ 
© 
Ծ 
E 
m 
< 
Ծ 
«Վ 
< 
«Վ 
Ծ 
d 
كم‎ 
A 
Ս 
Օ 
O 
"O 
C 
d 


Brown coal nuclear hydrogasification 





Hard coal nuclear 


sol 
SOA 
SOB 
51 
5 
competitive; the graph on page 103 shows the aggregated values of 


This group appears in all scenarios and is generally quite compet- 
itive, although there are differences in the competitiveness of 
for brown coal (511) only appears between the years 1995 and 


ature reactors, are very competitive in all scenarios. 


2005, showing small contributions. 


does not appear in any scenario, 
and SP-4/LIM FOS scenarios. 
this group of technologies. 


5.4.2 High Quality Gasification 
Technologies: 

each technology. 

synthetic fuels from coal. 








7 - SF-4/11892 LIN FOS) 


2 - PS-1/01L C 
3 - SP-1191.9/0J) 
6 - SP-4181 .0/6J ) 


| - 55-١ 


ال580-1)81.0/76 - 43 





DATE: 15/11/79 


YEAR 








و توف ատ‏ 
2015 


2010 


TITRE 


"Yau. > ww ON O Q 


585 "go" °k 


2005 





oemmonoooeo 
و - و وو داه‎ 
ç A Ad Abbe 


80-0000 تي ٠١‏ © 
8030000 5ه د 6 


e AE AAA ص‎ 


" 7 


© © © © 6 6 OO 6 6 
© © © © © sn 0000 
— 





1١ COAL LIQUEFACTION OUTPUT (PJ/YR) 


TABLE 
1980 


0000000000 
0000060606006069 


0000000000 9 








V v V V WV V V V V Y ww Y V V V 1 
| աա ADA mm ww 
Դատ 


š 8 8 : 8 š ° 


2011 / d 


SCENARIO COMPARISON REPORT FOR SPAIN 














™ 

O 

-Վ 

6 ՎՂԱՎՆ 
INN WI'I/l-Sd 6€ 97 ST 9 0 0 - - - 
Չ 'INOO/l-Sd 0 0 0 0 0 0 - -- -- 
b- du 69 8h 0€ Et 0 0 0 - - 
: SOJ WIT/P-dS 0 0 0 0 0 0 0 - - 
(19/0* 19)/Ֆ-4Տ 69 96 t? 9c pt 9 1 - - 
b-Sd 69 8v Ot ET 0 0 0 - - 
I 
< š T- dS 6€ 0€ 02 ct G t - = - 
(19/0* T$) /1-ds 6€ 0t 07 ZT G 1 - - - 
2 TIO/T-Sd 6€ 0t 02 ct S 1 - - - 
1-ՏՎ 66 92 51 Լ 0 0 - - - 
OINHVNSOS 0202 5102 0102 5007 0002 5661 0661 S861 0861 


(HA/Cd) TONVHLAW OL 'IVOO GHVH خ:‎ 565 


vOS *3dOO TVAYVN NIVdS 2104 تثبل‎ 0031121 NOSIHVdWOO OIHVNSOS 


»- 


ds 





“> 


INN NI T/1-Sd 
9 TWOO/I-Sd 

b- du 

SO4 WIT/b-ds 
(r9/0* 1$) /p- das 
b-Sd 

T- 5 
(r5/0* I$) /t-dS 
9 'IIO/l-Sd 


I- Sd 


OIYVNIOS 


CT 


ATAWI 


|| 
PES 


(HA/Cd) NOILWOIAISWD nid HOIH IDUNT TVO) NMONH * ADOTONHOAL 


: 3000 ‘'TWAYUYWW NIVdS 21034 ՆԱՕՀՅԱ NOSINVdWOO 95 


TT Wav, 


JAN WIT/T-Sd 
9 IWOO/1-Sd 

p- du 

Sod NIT/p-dS 


(19/0* 1$) /t- dS 
p-Sd 





- dS 





NATIONAL BUREAU OF STANDARDS 
STANDARD REFERENCE MATERIAL 1010a 5 
(ANSI and ISO TEST CHART No. 2) i 































































































Y 
-102- 
pa Y O i - - 
o í 38 of x | 105 
ب‎ O o Kä =. SCENRRIO COMPARISON REPORT FOR SPAIN ORTE: 15/11/79 
4 3 o 4 = 5.4.3 Low-Medium BTU Gasification SCENRRIO COMPARISON REPORT FOR SPAIN DATE: 16/11/79 
= - ^ d = տ ր TABLE 2: COAL HIGH BTU GASIFICATION. OUTPUT (PJ/Y) — w" à 
e L 41 HAR L COMBINED CYCLE. ELECTRICITY PROD (PJ/YRI 
< 3 2 Հ- - Հ Հ Հ w gn — -— — — — թաթ w | ee RIT IR 1980 1965 1990 1995 2000 2005 2010 2015 2020 LINE CODE 
S E S 8 ` A à 0.0 0.0 0.0 Տ0.1 125.6 324.5 464.1 493.2 1 - PS-1 E 
տ 68 5 8 8 8 8 M Š d DG GO E BI 502 Hard coal medium BTU gasification Lu og o wo oo go 95 925 HJ inum 
- 0.0 0.0 0.0 .3 .6 ՛324.5 374.5 467.4 4 - SP-1 | i2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.7 3 - SP-118) 
t 0.0 0.0 0.0 7 "Տ 392.9 465.5 $41.3 5 - PS-4 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.7 4 - Ֆ-լ 
Q 0.0 6.0 0.0 9 8 321.4 323.8 432.7 6 - SP-4181 .0/GU) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Տ - PS-4 
Օ 0.0 0.0 18.4 .9 .2 338.6 370.1 671.1 7 = SP-4/1180% LIM FOS) S12 Brown coal medium BTU gasification 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6 - SP-4191 
O 0.0 0.0 0.0 .? 8 393.3 422.3 $27.7 6 - RP-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7 = $P-4/1t 
0.0 0.0 0.0 1 „6 326.8 476.2 550.9 9 - PS-1/COML C - 4 P q 0.0 0.0 0.0 0.0 0.0 6 - 50-4 
am 0.0 0.0 0.0 .3 .2 57.0 0.0 16.1 A - P$-1/LIM NUC ' ' ° "0 "0 0.0 0.0 0.0 0.0 0.0 — 9 = 5-16 
: E This group is only competitive in the PS-1/LIM NUC scenario, and 0.0 0.0 0.0 20 -4 43.1 658 — 88.5 11.1 113.3 A = PSANI 
Հ e - only during the last three time periods. The following table de 25 
بم‎ d 0 : 1 ` 
— | shows the activity օք the group in this scenario. - 
= , < 3 - SP-1(91 -0/( 
= 4 PERIOD ١ 6 
ԷՎ H š 3 - SP-1191.0/GJ) | ١ 
< 3 4 Earlier B 1 
E e 7 TECHNOLOGY - viede 2010 2015 2020 տ 1 
fx, I 6 - SP-4(91.0/GJ] Գ > 20 + 
տ 
<, i - 
S : | 
= ` : 
> ١ - 
= i յ 
, d E 
2 5 1 is y 
: : : : 
O ' d 
el եշ Վ 
2 = 4 5.4.4 New non-renewable and non-nuclear technologies for electri- I 
d < ] city production 1 
CH E 
Z O This group includes the following technologies: 1 
< S < 10 = 
ب۵‎ < յ 
Y © 1 A 
ի Բ: d EO6 Hard coal combined cycle power plant < 
O í i 
ef i 1 
.. a 4 
> > d EOE In-situ coal gasification d 
O Ó ; I 
= - 7 
բ: © | x $4 
x z 2 E94 Gas fuel cell - 
3 - 
I! gd : | 
$ - The group shows activity in all the scenarios but with low values. < 
à i | The most competitive of these technologies is in-situ gasification 1 
Ց —À —— AA rr (EOE) mainly in the PS-1/LIM FOS scenario, since the limitation 7 | 
WR RER RAR RAR nep 6 - SP-4181 60 
š - աաա. wa wa ww "m --Պ sees | on nuclear energy use forces the model to choose technologies using | 1980 1905 1990 1988 4290 2005 296 2015 2020 
e | fossil energy carriers. On the other hand, the gas fuel cell shows | 5 
A A 
2 the lowest competitiveness. The Figures on pages 105 and 106 show 
A the activity of these three technologies. 

















INN WIN/T-Sd 
2 "IWOD/T-Sd 

p- dù 
SOd WI'I/b-dS 
(19/0* 1$) /v- dS 
5-3 
I-ds 
(19/0* 1$) /1— ds 
9 ՂԼՕ/1-Տ4 


1-54 


OINVNSHOS 


YIN "ՎՀԱ 


INN WI'T/I-Sd 
2 'INOO/l-Sd 
p- du 

503 WNIT/p-dS 

( ԸՋ/0՝ t$) /v-dS 
v-Sd 

T- dS 
(ԸՋ/0՝ 1$) /T-dS 
2 TIO/1-Sd 


I" Sd 


OINVNSOS 








M AA — IA g 


dWüd LWAH 91412111  * ADO'IONHOS3U 


լ ÆÐA > 


“1000 TYMYVN NIVdS ՎՕ1 LYOdAY 1105 1112311102 5 








FI suavi 


1 SALDO TONHIAL NV'IOS WOUJ ADUANA TAAASN 


(YA/Cd) UWOLOAS 'IVIONSWWOO 9 'IVILNSGISSH YO 


NIVAS YOA 31103331 NOSINVdWOO OINVNSOS 











5.4.5 Technologies using solar energy for the residential and 
commercial sector 


It is necessary to remark that the electric heat 
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pump is more competitive in all scenarios, and its activity grows 


when the bounds or implementation are larger. 
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5.4.6 New renewable technologies for electricity production 





Technologies: 


E35 Wind power plant 


E4B Decentralised solar photovoitaic plant 


E34 Central solar thermal power plant 


The group appears in all scenarios, although with small activities. 
Wind power plants are only competitive in two scenarios: the RP-4 
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In the PS-1/LIM NUC scenario, their activity grows only slightly 
which means that these technologies contribute little to the 
substitution of nuclear energy for electricity production. Tables 
17 and 18 show the corresponding activities for these technologies, 
and the graphs on pages 115 and 116 show their evolution. 
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Table 19 shows the activities of this technology for all scenarios, 


and the graph on page 118 shows the evolution over the total time 


span. 


5.4.8 New nuclear power plants 
The following two technologies have been considered: 
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Both technologies appear in all scenarios, except in PS-1/ 
As can be seen from Tables 20 and 21, they are very compet 
In all scenarios with acceleration level 1, the activities 
the same. This also applies in all level 4 acceleration s 
arios. This means that these technologies are always at t 
of their implementation levels. The graphs on pages 122 a 
show the evolution of the respective activities. 


5.4.9 New transportation technolc gies 





Technologies: 
504 Methanol for cars 
T8V Hydrogen for cars 


T80 Electric battery car 


Hydrogen for road transport is not competitive and does not 
in any scenario, but methanol is quite competitive, as show 
Table 9. It appears at its highest implementation level in 
scenarios, mainly after the year 2005. It does not appear 
in SP-4/LIM FOS or in PS-1/COAL C, which means that, as pre 


indicated, its competitiveness disappears if imported coal ] 
are increased. 


The electric battery car is the most competitive technology 
substituting oil-derived liquid fuels for transport. Table 
shows that it always appears at its highest implementation ] 


The graphs on pages 125 and 126 show the evolution over the 


time span of the electric battery car and the methanol-power 
car. 
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TABLE 21: HIR. ELECTRICITY PRODUCTION (PJ/YR) 


SCENARIO COMPARISON REPORT FOR SPAIN 


7 - SP-4/1180% LIM FOS) 


6 - SP-4181 -0/64 ) 
8 - RP-4 


2 - P$-1/0IL © 
3 - SP-1191.0/6J) 


4 - 3P-1 
5 - P$-4 


| - 5-1 
9 - PS-1/COM C 
A - P3-1/LIM NUC 


166.3 
166 .3 
168.3 
166.3 
217.3 
217.3 
217.3 
217.3 
166.3 


m $ er et © © © © MO 
@ e Փ Փ Փ Փ Փ Փ © >. 


m ei © © @ © O @ © © 
m m m m > * >> 9 m 


ՇՆ Փ e Փ Փ Փ o * o o 


O CO OO ww we > © © 


0000000000 
Tu PS WR yA. տ D» è o 
0000000230590 


INN 111 "1/ 1-3 


9 TWOO/I-Sd 


p- du 


503 WIT/b- 5 


(£9/0° 16) /5- as 


b-Sd 


T-dS 


(19/0* 16) /T-as 


2 TIO/T-Sd 


I- Sd 


OINVNSOS 


: 1002 ՂԱՎԱՎ 


JNN ուՂ/1-Տ41 


> ՂՎՕՉ/1-Տ4 


y- du 


Sod WI'I/t- dS 


(19/0* 1$) /b- 5 


y-Sd 


1-5 


(ԸՋ/0՝ 1$) /1-dS 
ð ՂԼՕ/1-Տ4 


1-53 


. OTHVNAOS 


LIM NUC. 





ee Ig ii AAA شق‎ 





2020 


E MAA a 


2005 2010 2015 


2000 


1985 1990 








ıi Qa b dt dd. AAA AA AAA 


YIUIAIF d 


(YA/Ca) 


(ԱՆ/ՐՎ) 


9234 300) "THIN 


: D, 

00 e 
5 0 | 8 e 
ET Po 
be EN 


tz 


oz 18 بل‎ 


appear 


in 
many 


n 


0002 


either 
viously 


NIVdS HOA LYOdIY4 NOSINVdWOO OIHNVWNSOS 


AAA dias 


ԱՕՆՉՎՎԱ 713033216 LSVA 


YOLIVIY ANALVAIANIL HOIH 


orices 


for 
22 


evel. 


o o 
Wi 


: 111 


: 01111101 


whole 


NIVdS YOA 121032121 NOSINVdWOO OINVNSOS 





1995 











E! 





B26 Fast breeder reactors 





` — — ade nao —— 



















































































| -128 
-124- Ւ: -126- 
on - , | Ka | SCENARIO COMPARISON REPORT FOR SPAIN DATE: 15/11/79 
= q 5 9 o S — Ooo 6. ANALYSIS OF THE RESULTS For the scenarios with limited nu 
i մ = > d ս SCENARIO COMPARISON REPORT FOR SPAIN | gf, ¿nasib 1980 1996 1990 1995 2090 2005 2020 LINE CODE | PS-1/LIM NUC scenario), the total 
= o = = 5 B S TROLE 29: METHANOL FOR CARS (P q 2. 9-9 Ֆ- ր IT 2 - -— | 6.1 General Comments that for the base case in those p 
= 9 ` *% < E e © — | | 0.0 0.0 0.8 1.5 44 7.5 Ue 30.0 = PS-1/01L C | 
Ë r ա DM 3 9 886 1990 | 0.0 0.0 0.8 1.5 4.4 7.5 18.0 39.0 - SP-1181.0/04) would otherwise have installed nu 
տ e l LA EE? a | | 2029 LINE CODE 0.0 0.0 0.8 1.5 4.4 7.5 15.0 30.0 - 50-1 
بم‎ x d d as a uU = E as 00. 0-0 1.0 5.0 10-0 15.0 20.0 30.0 39.2 ^ «. i The trade-off curve (Figure 10) shows the relationship between imately 2% higher. In all such s 
e ` 9. 39.0 | 0.0 1-0 5.0 10.0 5.0 20.0 30.0 45.0 - 39-4(91.0/6GJ! | 
2 0.6 | ւ 99.0 A 0.0 1-0 5.0 10.0 16.8 20.0 30.0 45.0 - SP-4/11802 LIN FOS) | the total discounted energy system cost and the total amount o£ imported oil is nearly the same a 
0. | 3. 3- 0.0 1.0 5.0 10.0 15.0 20.0 30.0 46.0 - RP-4 | 
z o o o o o 0.0 | me Ye 0.0 0.0 0.8 1.5 4.4 7.8 15.0 30.0 - PS-1/CORL C | imported oil during the considered time span. This curve indi- nuclear energy competes mainly wi 
c u ° - ° . e e e e e e °. - - | ՛ ' 
5 2 n e eo onn e * ç 9 9 + | 09.4 $ 9-41 91 ل0/6.‎ | Ei; T 8 P = sc. pi: T ՊՈ" cates that there is a low elasticity between the items: the total reduction implies an equivalent i 
5 á "a | | ef H zem — 8 ١ imported oil reduction (difference between the base case (PS-1) 
° 0. e com | 
58 mE | Lë Ի ae yi A < and the extreme case (SP-1) with the highest oil savings) is Another important remark is the k 
09-009) 4/04 ctive coal in the structure of 
e "ore ç š S$ $ S$ $S 2142 ha gë, - ١ bo DA approximately 6% (1) and the difference between the respe imported 
ne Á լ system costs is smaller (approximately 1%). system, because of the high deper 
١ Է ١ The PS-1/COAL C scenario (as expl 
* | č 6ه‎ - Logically there is a larger saving on imported oil in the accel- the annual growth rate in the pri 
-- ao = 
es = 83 5-5 65 A Y E E 3 = 3 erated scenarios because of their higher new technology implemen- instead of 2% as in the base case 
5 5 è 1 tation levels; for instance, the SP-4/1.0 scenario achieves a in the hard coal imports. Some < 
As E 
E : reduction of more than 9% on imported oil. This means that it is disappear, for example, methanol 
4 ص‎ o oco o Փ e o o o e oc վ 1. possible to reðuce the total amount of imported oil at relatively The scenario cost is 1.3% higher 
e d | 
O 5 "wo. i nd + - ws | low cost by accelerating the implementation of new technologies. 
z N : | Of course it would be necessary to spend large sums of money on The highest implementation level 
E research and development of these new technologies and these energy sources produces small rec 
t = oe ee ա A8 "8 SW A £ պ 1 funds are not included in the investment costs used by the model. with a larger system cost increm 
z = " > d | = P-t ! 1 It is therefore necessary to take into account the economic diffi- cause such technologies produce ' 
< 5 7 culties that this research and development would present for some not used for electricity product: 
7 20 — | 
տ . f i | 
x E 2 N N N N O O OONN 1 1 IEA countries. time periods. In fact, the tota 
p e a — ndr I | is nearly the same for all scena 
a ի, 
> > Another important item is the very high sensitivity of the Spanish ario as might be expected and fo: 
D 1 - 
E q | - energy system to restrictions in fossil fuel use. The greatest latter is an extreme case becaus 
Է, z B "wow ա GS E : I possible reduction of fossil fuel use is only 2O%. With higher duction in fossil fuel use, and 
3 O a ` gë reductions, infeasible solutions are obtained because of the large amount of renewable energy 
A e - | impossibility օք satisfying the energy demand for some sub-sectors. 
: տ ١ Kc? ١ | Furthermore, the case of highest possible fossil fuel substitution Coal gasification technologies u 
rt E | | : | 
8 a E ' | implies a high total system cost increment (20%), and a larger (HTR) have a smaller sensitivity 
penah En E 
O 1 | total amount օք imported oil (օ11 is more attractive for the sys- those not using nuclear energy, 
= : 7s "EDO Abo «Վո +A >a AA tem because it is more efficient in its use). high sensitivity to restrictions 
< | : 1990 1995 2000 2005 2010 2015 2020 | 
Z = | i ١ ١ 1 ١ ١ ١ լ 4 YEAR 
4 
a = 
ARA BARA manan a, (1) Unless otherwise noted, all percentages are referred to the corresponding 
աա e o ք value օք the ՔՏ-1 scenario. 
(mte 








TARGA 
j կ 
Ա 


, 
i x ' 
, 
G awa fw. AAA 
Ա i 
, : x | x 
N ; x | ظ‎ 
^ | > : 
| ` 
š 4 e 5 ` 
E £1 





clear energy availability (e.g. 
system cost is higher than 
sriods during which the model 
lear plants at a level approx- 
cenarios, the total amount of 
s for the base case, because 
th coal, and a nuclear energy 


ncrement in coal use. 


ey role played by the price of 
the Spanish primary energy 
dence on imports for the system. 
ained above, in this scenario 

ce of imported hard coal is 3% 
2) shows a significant reduction 
oal liquefaction technologies 
production for road transport. 


than for the base case. 


for technologies using renewable 
luctions in imported oil (0.2%) 
ant (1.3%). This is logical be- 
slectricity, and oil is normally 
ion after the first two or three 
[ amount of renewable energy used 
ios, except for the RP-4 scen- 
the SP-4/LIM FOS one. The 
e it contemplates an extreme re- 
erefore the model utilises a 
to substitute for fossil fuels. 


sing high temperature reactors 
to imported coal prices than 
but they logically have a very 


of nuclear energy use. 


-129- 
ison between the SP-4/1.0 and PS-1 Scenarios 


The total primary energy consumption is larger in SP-4/1.0 
because oil is substituted by coal, although the differences 
are small, approximately 2$, depending on the time period. 
However, the total amount of imported oil decreases 9.1% 
after 1985, and the annual decrease reaches 15$ during some 
time periods. The total amount of imported hard coal in- 
creases 25$ over the base case, and the annual difference 
reaches 33$ for some time periods. As for nuclear energy 
consumption, it shows some variation between the years 1990 
and 2020 (in 2020 the nuclear energy consumption is again 
the same fcr both Scenarios). It is 10$ higher in the year 
2000 for the SP-4/1.0 scenario. Renewable energy consump- 
tion is nearly the same for both Scenarios. 


Imported natural gas disappears during the fifth time period 
(centred in the year 2000), five years earlier than for the 
base case, but the total amount of imported natural gas is 
approximately the same for both scenarios. 


Structural changes in primary energy consumption can be seen 
in Figure ll. The most important consideration suggested by 
the graphs is that the Percentage of coal increases, covering 
the decreases in oil and nuclear energy, although the general 
Structure is nearly the same for both scenarios. 


The final energy also shows some structural changes (Figure 
12); electricity production grows approximately 1% for all 

periods after 1990 and gaseous fuel use increases approxi- 

mately 1$ after 1985. Coal and liquid fuel use decrease 


between 1$ and 1.53 after 1990, and renewable energy does 
not change. 


The industrial sector Shows the same structural changes cb- 


Served in the final energy structure: coal consumption dec- 
reases 3$ during the last time period (2020) and gas decreases 
14$. The electricity consumption remains nearly the same. 
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The residential and commercial sector shows some small 
































































































































changes; electric heat pump use increases by approximately S 
22$ and the gas heat pumps disappear. Gas use also decreases E 
but no more than 2.5%. a 
° ° 
y As for the transportation sector, the methanol use increases. 9 i S 
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6.3 Comparison between the Base Case (PS-1) and the PS-1 OIL C 
Scenario 








The oil contribution to primary energy is smaller in the PS-1 OIL C 
scenario after the year 1990. The coal contribution grows and 
partially covers the decrease of oil contribution; the increase 
reaches 10% in the year 2000. The nuclear energy contribution has 
a Similar evolution reaching an increase of 7% in the year 2000. 
The renewable energy contribution changes very little. Oil imports 
logically decrease because of the higher oil prices. The total 
amount of imported oil is 3% smaller. This decrease is covered by 
larger amounts of imported coal (% 7%) and natural gas. 


The structure of final energy consumption shows a smaller contribu- 
tion from liquid fuels between 1990 and 2005 (approximately 5% 
smaller). This decrease is completely covered by gaseous fuels. 
For the remaining years, the values for both scenarios are approxi- 
mately the same. As for the demand sectors, the following consid- 
erations can be made: 


- The industrial sector shows the same substitution of 
liquid fuels by gaseous ones already observed in final 
energy consumption. 


- The residential and commercial sector does not show changes. 


- The transportation sector shows an increase in methanol 
use, which appears ten years earlier than in the base 


case (in 1995). The total increase is 21 PJ (approximately 


0.7 x 10° TCE). 


The electricity production remains nearly the same. It is quite 
logical because oil is not used for electricity production after 
the first 10 or 15 years. The structure of electricity production 
shows that only approximately 65 PJ (2.2 x 10° TCE) of electricity 
which was produced by the oil power plants in the base case is now 
produced by LWR in the PS-1/OIL C scenario. 
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Synthetic fuel production from coal grows between the years 1995 
and 2020 and the difference reaches 10% in the year 2005. The 
Res for the year 2020 are again the same. The most relevant 
increase is the one for hard coal hydrogasification. Methanol 


production also grows (approximately 25%, although this percentage 
means, in real terms, only 30 PJ (1.1 x 10° TCE). 
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ison between the Base Case and the 25-1 COAL C Scenario 





lightly decreases (coal is 
which, as indicated above, has higher 


e difference is not larger than 1.5%. The con- 


ies); th 
efficiencies) nto 


tributions of natural gas and renewable energy remain pr 
The nuclear energy contribution grows after 2000, 
the year 2020; the total increase 


during the total time span is approximately 2%. The oil contri- 
bution also increases after 2000 and, in 2020, is 12% higher. 
Logically the coal contribution decreases after 2000, and in 2020 
is roughly 20% lower. This indicates that the Spanish energy sys- 


tem has a very large sensitivity to coal prices and therefore the 
t these prices strongly influence the results. 


unchanged. 
reaching an increase of 3% ir 


assumptions made abou 1 z 
The total amount of imported oil grows approximately 3.2% a 


that of imported coal logically decreases (13%). The decrease 


reaches 30% for some years. 


The final energy consumption shows an increase in liquid fuel con- 
tribution between the years 1995 and 2010, although the difference 
This increase is balanced by gaseous fuel, and 


does not reach 2%. 
ed in the structure of the 


the same substitution can be observ 
In the residential and commercial sector the 


industrial sector. 
and the direct contri- 


gas heat pump contribution is 7 PJ larger, 
because synthetic gas is more expen- 


In the transportation sector, the 
with the higher coal prices it is 


bution of gas is 7 PJ smaller, 
sive in the PS-1/COAL C scenario. 
methanol use disappears, because 


not competitive. 


The electricity production remains nearly the same. The hard coal 


combined cycle disppaears and it is substituted by LWR. 


of synthetic fuels from coal shows the disappearance 
Nuclear gasification 
of this the total 


oximately 18% after the 


The production 
of hydrogenation and methanol production. 


technologies grow approximately 20%, but in spite 
amount of synthetic fuel decreases by appr 


year 2000. 
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Comparison between the Base Case and the 25-1 LIM NUC Scenario 


The primary energy consumption decreases although the differences 
are not larger than 2$. The contribution of solid fuels after 
1990 is logically larger; the difference grows continuously and 
reaches 60$ in the year 2020. The oil contribution is nearly the 
same, with some fluctuations, which do not reach 2$. It is poss- 
ible to observe that the limitation on nuclear energy use causes 
an increase in total system cost. The difference grows contin- 
uously reaching 10% in 2020. The nuclear energy contribution 
decreases after 1990, and becomes less than 33% in 2020. The 
contribution of renewable energy is practically the same. These 
facts mean that nuclear energy is substituted mainly by coal and 
to a lesser extent by natural gas. Oil imports show a small in- 
crease and natural gas imports grow strongly after 1990. There 
are gas imports after 2005 (this does not occur in the remaining 
nine scenarios). The total amount of imported natural gas is 

85 PJ (28.7 x 10° TCE) larger than that for the base case. Coal 
imports are also much higher after 1990, becoming almost 100% 
more in the year 2020. 


As for the final energy consumption, the coal contribution hardly 
changes. The liquid fuel contribution increases between 1995 and 
2010, although the differences are smaller than 1.5%. This in- 
crease is balanced by gaseous fuel use. The differences are small 
in real terms. The industrial sector shows the same substitution 
of liquid fuel by gaseous ones. In the residential and commercial 
sector the gas heat pump use increases 7 PJ (220.3 x 109 TCE). 
This is balanced by a decrease in the use of gas burners. The 
transportation sector hardly changes. 


As for the structure of electricity production, it can be observed 
that the nuclear energy contribution decreases (logically). The 
HTR and LMFBR do not appear and the activity of the LWR decreases 
after 1995, becoming only 50$ of that in the base case in 2020. 
These decreases are covered by coal, with conventional coal-fired 
power plants covering approximately 70$ of the decrease of nuclear, 
hard coal combined cycle (20$) and in-situ coal gasification and 
solar covering the remaining 10$. 
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Coal-derived liquid fuel production shows some important changes; 
all technologies combined with the HTR logically disappear, and 

a new one appears; hard coal medium BTU gasification. Brown coal 
Lurgi gasification grows, and its activity becomes seven times 
that of the base case, and also appears during the last ten years 
which did not occur in the base case. In spite of this, the total 
amount of synthetic fuel is only 60% of that for the base case. 
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